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@ Linear actuator. 

(5?) A linear actuator, adapted especially for pick- 
ing up and transporting workpieces, comprises 
a pneumatic, rodless cylinder (3) having a pair 
of driven elements (8, 16) mounted on opposite 
sides of its body. The first driven element (8) is 
directly connected to the piston (6) of the cylin- 
der (3) via a sealed, longitudinal slot (5) formed 
in the cylinder body (1, 2) and the second driven 
element (16) is drivably connected to the piston 
(6) or first driven element (8) by a flexible drive 
band (24) that passes around rollers (20) moun- 
ted at opposite ends of the cylinder body (1, 2). 
The driven elements (8, 16) therefore move 
linearly in opposite directions to one other upon 
actuation of the rodless cylinder (3). 

The second driven element (16) may be 
fixedly secured to a stationary structure so that, 
upon actuation of the cylinder (3), the cylinder 
body (1, 2) itself and the first element (8) will 
simultaneously execute linear motion in the 
same direction whereby the first element (8), 
which may have a work piece gripping device 
mounted on it, will in effect execute double its 
normal stroke length. 
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This invention relates to fluid-powered linear ac- 
tuators, especially but not exclusively to pneumatic 
linear actuators. 

More particularly, the present invention proposes 
a linear actuator that is relatively compact and of rel- 
atively simple design but that has a versatile applica- 
tion to, for example, the picking up, transporting 
and/or positioning of workpieces in manufacturing op- 
erations- 
According to the present invention, there is pro- 
vided a fluid-powered linear actuator comprising: 

a) a fluid-powered rodless cylinder including an 
elongate body and a piston reciprocably movable 
within a bore in said body upon the application of 
fluid pressure alternately to opposite ends of the 
piston; 

b) a first element mounted externally of the body 
on or adjacent to one side thereof and reciproca- 
bly drivable by, and in the same direction as, the 
piston longitudinally of the body; 

c) a second element mounted externally of the 
body on or adjacent to a side thereof opposite to 
said first side and reciprocably movable longitu- 
dinally of the body; and 

d) flexible drive means connected to the first ele- 
ment or the piston and to the second element, the 
flexible drive means extending longitudinally of 
the body and around bearing means located at 
opposite ends of the body, whereby movement of 
the piston in response to the application of fluid 
pressure thereto causes the second element si- 
multaneously to move longitudinally of the body 
in a direction opposite to the direction of move- 
ment of the piston and the first element 

The rodless cylinder may be of any known type. 
For example, it may be of the so-called band or cable 
type or of the type having a magnetic coupling be- 
tween the piston and the driven, actuating element 
In a preferred embodiment of the invention, however, 
the rodless cylinder is pneumatically operated and is 
of the slotted body type, an example of which is de- 
scribed in European Patents Nos 0068088 and 
00691 1 9 which relate to our LINTRA rodless cylinders 
(LINTRA is a trade mark). Here, and in an actuator of 
the present invention, the driven ('first 1 ) element pre- 
ferably partially surrounds the cylinder body, sym- 
metrically bridging the slot in the cylinder body. Like- 
wise, the second element preferably partially sur- 
rounds the cylinder body. 

Regardless of the type of cylinder however, it is 
advantageous that the cylinder body has bearing sur- 
faces formed on its external surface for the first ele- 
ment and/or for the second element. These surfaces 
serve the purpose of limiting lateral movement of the 
first and/or second elements relative to the cylinder 
body. However, additional or alternative bearing 
means spaced from the external surface of the cylin- 
der body may be provided for that purpose. 



The second element of an actuator of the inven- 
tion may, like the first element, move in use relative 
to the cylinder body, which may be spatially fixed to 
a stationary structure, for example part of a machine. 

5 In that case, the actuator will impart to the first and 
second elements two synchronised linear move- 
ments of opposite direction. 

Alternatively, the second element may be fixedly 
secured to a structure, for example part of a machine, 

10 whereby, in use, movement of the rodless cylinder's 
piston upon the application of fluid pressure thereto 
will cause the cylinder body to move linearly relative 
to the second element and the structure in the same 
direction as the direction of movement of piston and 

15 the first element In effect, this means that the first 
element will move from one position to another at 
double the speed of its movement if the cylinder body 
were stationary. At the same time the stroke of the 
first element is doubled. In such an arrangement, the 

20 second element may be mounted in any orientation 
requisite to the application in question. Vertical 
mounting of the cylinder body, however, has the ad- 
vantage that the second element will be subjected to 
relatively low stresses even if the actuator is handling 

25 heavy loads. Also in such an arrangement it is advan- 
tageous to feed and exhaust the actuating fluid to and 
from the cylinder chambers on each side of the piston 
via interconnected passageways formed in the sec- 
ond element and the cylinder body rather than, as is 

30 more conventional, via the opposite ends of the cylin- 
der body. 

The flexible drive means, which, in effect is end- 
less, may comprise, for example, a belt which may be 
toothed, a cable or a chain and the bearings, about 

35 which it passes, located at opposed ends of the cylin- 
der body would be selected accordingly, for example 
rollers, pulleys or sprocket wheels. 

The first and/or second elements may have 
mounted thereon a further actuator or other unit that 

40 requires the supply of, eg, compressed air, electrical 
power or cooling liquids or other media to it. This can 
be attained quite simply in an actuator of the inven- 
tion where the flexible drive means is in the form of a 
band or belt. Thus, the band or belt may be formed in- 

45 ternally with fluid- or cable-carrying conduits that 
communicate with appropriate ports formed in the 
first and/or second elements. In the case where elec- 
trical energy is required, the band or belt may alter- 
natively have electrical cables fixed upon its surface. 

so The further actuator may, for example, be a con- 

ventional fluid-powered cylinder having a piston rod 
providing an additional stroke in the same direction as 
the movement of the first or second element, as the 
case may be, on which such further actuator is 

55 mounted. 

Further, an elongate actuator may, for example, 
be pivotal ly mounted on the first or second element. 
Preferably, such an actuator will be supported on the 
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flexible drive means at a point spaced from the first 
or second element, as the case may be, on which it 
is mounted. Then, as the supporting area of the flex- 
ible drive means moves around the bearing located at 
the end of the cylinder body during a linear movement 
of the first or second element, the additional actuator 
will perform a rotary movement laterally to the axis of 
the cylinder body. This linear/lateral movement can 
be used eg to pick up a part with a gripper mounted 
on the additional actuator, to lift the part and after that 
to move it in a linear manner. 

As in conventional fluid-powered cylinders, an 
actuator of the invention may easily be provided with 
stroke limiting means by, for example, providing stops 
on the cylinder body and braking means may be as- 
sociated with one or both bearings about which the 
flexible drive means passes and/or with the first or 
second elements. Likewise, an actuator of the inven- 
tion may include position sensors and/or other acces- 
sories commonly employed in conventional fluid- 
powered actuators. 

Embodiments of the invention will now be descri- 
bed by way of example only with reference to the ac- 
companying drawings in which: 

Fig 1 is a partly sectioned, schematic perspective 

view of one actuator constructed in accordance 

with the invention; 

Figs 2 to 4 show, in side elevation, the actuator 
of Fig 1 in three different positions during its op- 
eration; 

Figs 5 and 6 show, in side elevation, the actuator 
according to Fig 1 , in one modified form, at two 
different positions during its operation. 
Figs 7 and 8 show, in side elevation, the actuator 
according to Fig 1, in another modified form, at 
two different positions during its operation; and 
Fig 9 is a perspective cross-section of the flexible 
drive means suitable for use in the actuators 
shown in Figs 1 to 8. 

Referring first to Fig 1 , the actuator includes an 
elongate profiled tube 1 which constitutes the cylin- 
der body 2 of a so-called rodless cylinder 3. The cy- 
linder 3 is in this case a pneumatic cylinder but it could 
alternatively be a hydraulic cylinder. 

The profiled tube 1 is a, light, eg aluminium, metal 
extrusion cut to length. Externally, it is substantially 
square in cross-section and internally it is formed with 
a cylindrical bore 4. The upper wall of the tube 1 is 
longitudinally slotted at 5. A sealed piston 6 is recipro- 
cably movable in the cylindrical bore 4 and has con- 
nected to it a force transmitting element 7 that pro- 
jects through the slot 5 and is connected to a first, 
sliding element in the form of a yoke 8. 

The yoke 8 laterally spans the slot 5 and has on 
each side a skirt 9 on the interior of which a bearing 
surface in the form of an elongate prismatic guide rail 
10 is mounted. The guide rails 10 are accommodated 
in respective V-shaped bearing grooves 11 formed in 



the external surface of the profiled tube 1. As can be 
seen, the grooves 11 are located laterally of the long- 
itudinal slot 5 above the horizontal symmetry plane 
13 of the profiled tube 1 that passes more or less 

5 through the main axis 1 2 of piston 6. 

Two end caps 14 are sealingly secured to the re- 
spective ends of the profiled tube 1 and form together 
with the profiled tube 1 two cylinder chambers on 
either side of the piston 6. The end caps 14 contain 

w ports (not shown) for compressed air which commu- 
nicate with their respective cylinder chambers. The 
two cylinder chambers are sealed, in the region of the 
slot 5, by an elastic sealing band (not visible) and a 
cover band 15 that are both fixed at their ends in the 

15 end caps 14. 

The construction so far described is that of a 
known rodless cylinder and for further details the 
reader is referred to the European patent specifica- 
tions mentioned above. 

20 In accordance with the invention, however, a sec- 

ond sliding element 16 Is mounted on the profiled 
tube 1 on the opposite side thereof relative to the 
yoke 8. The second element 16 is similar in design to 
the yoke 8 and is likewise longitudinally movable 

25 along the profiled tube 1. For this purpose, the pro- 
filed tube 1 has additional V-shaped grooves 18 
formed in its side walls 17 and these grooves 18 are 
parallel to the grooves 11 . 

As in the case of the yoke 8, the bearing element 

30 16 has skirts 1 8 the interior of which are provided with 
prismatic guide rails 19 that engage in the grooves 
18. 

Each end cap houses in a cavity 22 formed there- 
in a roller 20 that is mounted for free rotation on a hor- 

35 izontal axle 21 . Each cavity 22 is closed at its free end 
by a cover 23 secured in place by bolts or screws. 

Two bands 24 acting as flexible drive means pass 
around the rollers 20 and are connected at their ends 
to the yoke 8 and to the second element 16. The yoke 

40 8 and element 16 are therefore coupled together by 
means of the bands 24 and the flexible drive means 
is therefore essentially endless. If, now, piston 6 is 
forced to move to and fro by supplying compressed 
air alternately to the two cylinder chambers, the yoke 

45 8 and the element 1 6 will move linearly along the pro- 
filed tube 1 at the same speed but in opposite direc- 
tions. Grippers, further actuators etc may be mount- 
ed on the yoke 8 and/or on the element 16 and will 
move accordingly. 

so If appropriate, the actuator described above may 

be fixedly mounted on a stationary structure by 
means of, for example, bolts that engage in female 
threads (not shown) formed in the end caps 14. How- 
ever, and with reference to Figs 2 to 4, in other appli- 

55 cations the actuator may be fixedly mounted on a sta- 
tionary surface 25 via the second element 1 6. If, now, 
the two cylinder chambers in the profiled tube 1 are 
alternately pressurized, the whole rodless cylinder 3 
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will move to and fro relative to the stationary element 
1 6. In other words, the element 1 6 will act as a mount 
and bearing for the rodless cylinder 3. At the same 
time, the yoke 8 will move relative to the profiled tube 

1 in the same direction as movement of the tube itself. 
In fact, the yoke 8 will move at double the speed of the 
tube 1 relative to the stationary second element 16. 
Also in this arrangement, the stroke of the yoke 8 is 
double that of the profiled tube 1 as is shown in the 
schematic presentation of three positions of the 
movement in Figs 2 to 4. Fig 2 and Fig 4 show the pos- 
ition of the yoke 8 and the profiled tube 1 at, respec- 
tively, the left and right limits of the movement where- 
as Fig 3 shows the mid-position of the movement 

Figs 5 and 6 show a similar arrangement to Figs 

2 to 4, but wherein a conventional rodded pneumatic 
cylinder 26 is fixedly mounted on the yoke 8. The 
pneumatic cylinder 26 is mounted on the yoke 8 so 
that its piston rod 27 extends longitudinally of the pro- 
filed tube 2. The pneumatic cylinder 26 is located in 
a mounting block 28 which is fixed to the yoke 8 and 
that contains the necessary pneumatic connections 
and, optionally, pneumatic valves for controlling the 
pneumatic cylinder 26. 

Comparing Figs 5 and 6, it can be seen that the 
pneumatic cylinder 26 provides an additional stroke 
of the actuator. Figure 5 shows that it is possible for 
the overall length of the actuator, when the yoke 8 is 
in its far left position and the cylinder 26 is at the end 
of its instroke, to be about the same as the length of 
the rodless cylinder 3. However, Fig 6 shows the yoke 
8 in its far right position with the piston rod 27 fully ex- 
tended, thus achieving the maximum stroke of the ac- 
tuator. 

Figs 7 and 8 shows another arrangement similar 
to that of Figs 2 to 4 but wherein a rod 29 is pivotally 
mounted, in laterally off-set fashion, on the yoke 8. 

The rod 29 is pivotally mounted on a support 31, 
located at one end of the yoke 8, by means of a pin 
30. The other end of rod 29 carries, for example, a 
gripper 32. A support 33 for the rod 29 is mounted on 
the flexible band 24 in laterally off-set fashion and, as 
can be seen in Fig 7, will maintain the rod 29 parallel 
to the band during most of the stroke of the actuator. 
The support 33 is pivotally connected by a pin 34 to 
a bush 35 mounted on the rod 29. 

When the actuator is in its far left position, as 
shown in Fig 7, the rod 29 is parallel to the profiled 
tube 1 and within the confines of the length of the ac- 
tuator. However, if now, starting from the position 
shown in Fig 7, the left hand chamber of the rodless 
cylinder 3 is pressurised, the rodless cylinder moves 
to the right relative to the stationary element 16 and 
the yoke 8 moves to the right relative to the profiled 
tube 1 . At the same time, the support 33 approaches, 
and eventually reaches, the right hand roller 20 where 
the band 24 turns through 180 and, as a conse- 
quence, the pin 34 will perform a curved locus 36 (see 



Fig 8) and the rod 29 will tilt, as can be seen in Fig 8. 
The gripper 32 therefore moves linearly from the pos- 
ition shown if Fig 7 and then sequentially through pos- 
itions 32a, 32b and 32c shown in fig 8. The gripper 32 

5 thus executes a combined linear and lateral move- 
ment which can, for example, be used to pick up a part 
and then transport it by pressuring the right hand 
chamber of the rodless cylinder 3 whereby the above 
movements are carried out in reverse. 

10 The rod 29 could of course be replaced by a pneu- 

matic cylinder such as 26, with a gripper 32 being 
mounted on the piston rod 27, or by any other device. 
The compressed air for the pneumatic cylinder 26, or 
other energy source, can be supplied via the bands 

15 24, as will now be described. 

Figure 9 shows a sectional perspective view of 
part of a band 24a comprising a flexible plastics or 
rubber material which may be reinforced with, say, 
textile fibres. Within its thickness, and along the 

20 whole of its length there are three conduits 37. These 
longitudinal conduits 37 are sealingly connected with 
ports 38 formed in the second element 1 6, as indicat- 
ed in Fig 1, and also with ports 39 in the yoke 8. In 
the embodiment shown in Figs 5 and 6, appropriate 

25 connecting channels in the mounting block 28 for the 
pneumatic cylinder 26 are linked to the ports 39. 

It is of course possible to supply other media, e.g. 
cooling liquid, from a stationary source to a device lo- 
cated on the yoke 8 via the longitudinal channels 37 

30 and in the same way it is possible to supply electrical 
power through conductors housed in the channels 37 
to a device mounted on the yoke 8. Alternatively, it 
would be possible for that purpose to use suitable 
flexible means such as flexible electrical leads, tubes 

35 or other means located on the upper side of the bands 
24 e.g. formed integrally therewith, or adhered there- 
to. Especially in cases where the second element 16 
is stationary (as in Figs 2 to 8), it can be advanta- 
geous to supply compressed air to the rodless cylin- 

40 der 3 via the element 16. 

The yoke 8 and the element 16 are generally 
equivalent to one another and therefore their func- 
tions are interchangeable. Thus, for example, the 
yoke 8 could be fixedly mounted on, say, the mount- 

45 ing surface 25 shown in Figs 2 to 8 with the second 
element 16 carrying the load. In such an arrange- 
ment, it is advantageous to supply compressed air to 
the rodless cylinder 3 via the stationary yoke 8. For 
that purpose, two connecting channels 40 are formed 

so in the yoke 8 to supply alternately the cylinder cham- 
bers on each side of the piston 6 with compressed air. 
The channels 40 extend through the force- 
transmitting element 7 into the respective chambers 
via ports 41 formed in the opposed ends of the piston 

55 6. 

The fixed mounting of the element 16 to the 
mounting surface 25 (see Figs 2 to 8) can be effected 
by, for example, bolts that engage with threaded 
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holes 42 formed in the element. The yoke 8 may, for 
the same reason, be formed with threaded holes to 
enable it to be fixed by mounting it to a structure as 
just described. In addition, it may be appropriate to 
equip the actuator with a stroke Mm iter. This can be 5 
done in a simple way by mounting a stroke limiting 
bracket 44 onto the profiled tube 1, the bracket pre- 
ferably being located in the lateral grooves 18 and 
having means, for example a screw 44a, to secure it 
in the desired position. 10 

Finally it is possible to provide a brake on at least 
one of the rollers 20, the yoke 8 or element 16 or on 
the profiled tube 1 . As an example, and with reference 
to Fig 1 , a brake 45 is mounted on the right hand end 
cap 14 and acts on the axle 21 on which the roller 20 15 
is mounted. The brake 45 can be adjusted if neces- 
sary. 

As will be appreciated from, in particular, the spe- 
cific embodiments described above, the present in- 
vention provides a relatively compact and simple ac- 20 
tuator that may be adapted to perform a number of 
different functions in the context of, especially, mate- 
rial and component handling operations. 



Claims 

1. A fluid-powered linear actuator characterised in 
that it comprises: 

a) a fluid-powered rodiess cylinder (3) includ- 30 
ing an elongate body (1,2) and a piston (6) re- 
ciprocably movable within a bore (4) in said 
body (1,2) upon the application of fluid pres- 
sure alternately to opposite ends of the piston 

(6); as 

b) a first element (8) mounted externally of the 
body (1, 2) on or adjacent to one side thereof 
and reciprocably drivabie by, and in the same 
direction as, the piston (6) longitudinally of the 
body (1,2); 40 

c) a second element (1 6) mounted externally 
of the body (1, 2) on or adjacent to a side 
thereof opposite to said first side and recipro- 
cably movable longitudinally of the body (1 . 

2); and 45 

d) flexible drive means (24) connected to the 
first element (8) or the piston (6) and to the 
second element (16), the flexible drive means 
(24) extending longitudinally of the body (1 , 2) 

and around bearing means (20) located at op- 50 
posite ends of the body (1 , 2), whereby move- 
ment of the piston (6) in response to the ap- 
plication of fluid pressure thereto causes the 
second element (16) simultaneously to move 
longitudinally of the body (1, 2) in a direction 55 
opposite to the direction of movement of the 
piston (6) and the first element (8). 



2. An actuator according to claim 1 wherein the rod- 
iess cylinder (3) is of the longitudinally slotted 
body type, the first element (8) being connected 
directly to the piston (6) by coupling means (7) ex- 
tending through the slot (5). 

3. An actuator according to claim 1 or claim 2 
wherein the first and/or second elements (8, 
16)partially surround the cylinder body (1 , 2) and 
have bearing surfaces (10, 19) that substantially 
engage bearing surfaces (11,18) formed extern- 
ally of the cylinder body (1 , 2). 

4. An actuator according to claim 3 wherein the 
bearing surfaces (11, 18) formed externally of the 
cylinder body (1, 2) comprise longitudinal chan- 
nels or projections formed in or on the cylinder 
body. 

5. An actuator according to claim 3 or claim 4 when 
appendant to claim 2 wherein the first element (8) 
laterally bridges the slot (5) and has bearing sur- 
faces (10) that engage bearing surfaces (11) 
formed externally of the body (1, 2) between the 
plane of the slot (5) and a parallel plane passing 
through the axis of the piston (6). 

6. An actuator according to any one of claims 1 to 5 
wherein one of said elements (8 or 1 6) has means 
(42) for fixedly securing it to a structure (25) 
whereby, in use, movement of the piston (6) upon 
the application of fluid pressure thereto will cause 
the cylinder body (1, 2) simultaneously to move 
linearly relative to said one element (16) and said 
structure (25) in the same direction as the direc- 
tion of movement of the piston (6) and the other 
element (16 or 8). 

7. An actuator according to claim 6 wherein said 
one element (8 or 16) is provided with actuating 
fluid supply ports (38) that communicate with the 
bore (4) in the cylinder body (1, 2) on each side 
of the piston (6). 

8. An actuator according to any one of claims 1 to 7 
wherein the flexible driving means comprises belt 
means (24). 

9. An actuator according to claim 8 wherein the 
bearing means for the belt means (24) each com- 
prises a roller (20). 

10. An actuator according to any one of claims 1 to 9 
wherein the first and/or second element (8, 16) is 
adapted to have a further actuator (26, 29) 
mounted upon it. 

11. An actuator according to claim 10 wherein said 
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further actuator is a flu id- powered actuator (26) 
and wherein interconnected passageways (37, 
38, 39) are formed in said first element (8), in the 
flexible drive means (24) and in the second ele- 
ment (16) for the flow of actuating fluid to the fur- 5 
ther actuator (26). 

12. An actuator according to any one of claims 1 to 
11 further including brake means (45) to brake its 
motion. 10 

13. An actuator according to claim 12 when appen- 
dant to claim 9 or any claim appendant thereto 
wherein said brake means (45) acts directly or in- 
directly on at least one of the rollers (20) about 15 
which the belt means (24) passes. 

14. An actuator according to any one of claims 1 to 
13 further including stroke-limiting means (44). 

20 

15. An actuator according to claim 14 wherein said 
stroke-limiting means (44) is adjustably secured 
externally to the body (1, 2) of the actuator and 
serves as an abutment for the first and/or second 
element (8, 16). 25 
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